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ABSTRACT 

Identifying pixels as either cloudy or clear is an essential component of the National Polar-
orbiting Operational Environmental Satellite System (NPOESS) Visible/Infrared Imager 
Radiometer Suite (VIIRS).  The VIIRS Cloud Mask (VCM) technique incorporates a number of 
cloud detection tests that determine whether a pixel is obstructed by a cloud.  If a cloud is 
detected, the VCM indicates whether its phase is water, ice, or mixed.  Additionally, the VCM 
specifies whether aerosols, fire, or shadows are detected within the pixel field of view (FOV).  
The VCM algorithm first determines a processing path for each pixel.  The processing path 
indicates day or night, sun glint, land (desert or non-desert), water (inland or sea), coastline, and 
snow/ice background.  After the processing path is established, the VCM algorithm conducts a 
series of threshold and ratio tests using solar reflectance.  The algorithm also involves threshold 
and difference tests using the thermal Brightness Temperatures (BT).  The threshold values for 
the various tests are dependent upon the dominant regional classification, or surface type, of the 
pixel.  The tests applied to generate the VCM have a heritage from the Advanced Very High 
Resolution Radiometer (AVHRR) (Clouds from AVHRR [CLAVR], Stowe et al., 1995) and the 
Moderate Resolution Imaging Spectroradiometer (MODIS) (Ackerman et al., 1997).  Each test 
returns a clear or cloudy result with an associated clear sky confidence level.  Analogous to the 
MODIS Cloud Mask, the VCM groups its cloud confidence tests into five categories.  The 
minimum clear sky confidence from individual members represents the clear sky confidence for 
that group and the product of all the group clear sky confidences is used to determine the overall 
clear sky confidence value.  VIIRS cloud, aerosol, land, ocean, surface temperature, and 
snow/ice Environmental Data Records (EDRs) use the VCM as required input. 

 



VIIRS Cloud Mask (VCM) NPOESS/VIIRS 

x Document #: Y2412  



NPOESS/VIIRS VIIRS Cloud Mask (VCM) 

 Document #: Y2412 1 

1.0 INTRODUCTION 

1.1 PURPOSE 

This Algorithm Theoretical Basis Document (ATBD) describes the algorithm used to retrieve the 
Cloud Mask IP for the VIIRS instrument on the NPOESS.  Specifically, this document identifies 
the sources of input data required for retrieval, provides the physical theory and mathematical 
background underlying the use of this information in the retrievals, includes implementation 
details, and describes assumptions and limitations of the proposed approach. 

 

1.2 SCOPE 

This document covers the algorithm theoretical basis for the cloud mask product of VIIRS on 
NPOESS. The VCM solution was developed using the MODIS and AVHRR cloud detection 
algorithm heritages.   
 

Section 1 describes the purpose and scope of this document. Section 2 is an overview of the 
cloud mask. The theoretical description and implementation of the algorithm are described in 
Section 3, and the assumptions and limitations of the approach are summarized in Section 4. 
References for citations in the text are listed in Section 5. 

 

1.3 VIIRS DOCUMENTS 

This document contains references to other VIIRS documents. These are given in italicized 
brackets, e.g., [V-29] CLOUD MASK. The VIIRS documents cited in this document are listed 
below: 

[PS154640-102]  Performance Specification Algorithm Specification for the VIIRS  

 [Y2388]   VIIRS Software Development Plan 

[Y2469]   VIIRS Context Software Architecture 

[Y2470]   VIIRS Data Interface Control Document 

 

1.4 REVISIONS 

This is the fifth version of this document dated March 2002.  The original version of this 
document was dated September 1998. 
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2.0 EXPERIMENT OVERIVEW 

2.1 OBJECTIVE OF VIIRS CLOUD MASK 

The objective of the VCM is to determine whether clouds or optically thick aerosol obstruct a 
given view of the Earth surface.  The VCM also determines the cloud phase and whether a clear 
scene is contaminated by a shadow.  The VCM is defined as the pixel level flag that indicates 
when a cloud intersects a line segment extending between the sensor and a given area of the 
Earth’s surface.  The VCM operates at a moderate pixel resolution (750 m), and an imagery pixel 
resolution (375 m).  Input to the cloud mask algorithm is assumed to be calibrated and navigated 
VIIRS radiance data, ancillary data, and auxiliary data.  Additionally, the VIIRS data are 
assumed to meet instrument specifications so that no accommodation for striping or poor 
navigation is required.  

 

Our approach to the VCM is for each pixel to provide a confidence flag that indicates how 
certain we are that the pixel is clear.  The cloud mask algorithm must operate under the following 
restrictions: near-real time execution, limited computer storage, and simplicity so that many 
users can follow the algorithm path. 

 

2.2 INSTRUMENT CHARACTERISTICS  

The VIIRS bands used in the cloud mask algorithm are identified in Table 1.  Additional details 
on the instrument design are provided in the VIIRS Experiment Overview [V-0]. 

 

Table 1.  VIIRS bands used in the VCM algorithm 
VIIRS Band Wavelength (�m) 

M4 0.555 

M5 0.672 

I2 0.865 

M7 0.865 

M9 1.378 

M10 1.61 

M11 2.25 

I4 3.74 

M12 3.7 

M13 4.05 

M14 8.55 

M15 10.7625 

I5 11.45 

M16 12.0125 
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2.3 HISTORICAL PERSPECTIVE 

The VCM is essentially derived from the MODIS Cloud Mask (MCM) multi-channel cloud 
masking techniques, which in turn have their heritage in previously developed algorithms.  The 
International Satellite Cloud Climatology Project (ISCCP) has developed cloud detection 
schemes using visible and infrared window radiances.  The AVHRR Processing scheme Over 
cLoud Land and Ocean (APOLLO) cloud detection algorithm uses the five visible and infrared 
channels of the AVHRR.  The NOAA Cloud Advanced Very High Resolution Radiometer 
(CLAVR) also uses a series of spectral and spatial variability tests to detect a cloud.  
Additionally, spatial coherence of infrared radiances in cloudy and clear skies has been used 
successfully in regional cloud studies.   

 

The above algorithms are noted as they have been incorporated into current global cloud 
climatologies or have been run in an operational mode over long time periods.  The VCM 
algorithm builds on this work, but has considerable advantage because it has multispectral 
information and conducts tests at the imagery and moderate resolutions.  VIIRS has five Imagery 
resolution (375m) channels and sixteen Moderate resolution (750m) channels and both 
resolutions include channels in the visible, near-infrared, and thermal infrared. 
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3.0 ALGORITHM DESCRIPTION 

3.1 PROCESSING OUTLINE 

The current processing outline (see Figure 1) is based on the MODIS current operational 
approaches.  The VCM uses VIIRS data and auxiliary data as input to produce a variety of output 
flags.  The VCM output is used by many EDRs that are dependent on cloud masking.  The VCM 
performs cloud tests at both the moderate resolution and at the higher imagery resolution.  

 

2.3
Build VIIRS 

Cloud 
Mask IP

VIIRS
Cloud Mask IP

VIIRS 375m Earth View SDR File

VIIRS 750m Earth View SDR File

VIIRS Gridded Surface Types – Olson IP

VIIRS Gridded Snow / Ice Cover IP

Global Ecosystem Map

Sea Surface Winds

 
Figure 1.  VCM Conceptual Design 

3.2 ALGORITHM INPUT 

The algorithm requires ancillary information from the VIIRS instrument and auxiliary data from 
outside sources.  All of the input data are explained in greater detail in this section. 

 

Table 2.  Ancillary & Auxiliary data inputs for the VCM 

Input Data Source of Data 

VIIRS 375m Earth View SDR File VIIRS 

VIIRS 750m Earth View SDR File VIIRS 

VIIRS Gridded Surface Types-Olson IP VIIRS 

VIIRS Gridded Snow/Ice Cover IP VIIRS 

Global Ecosystem Map USGS EDC 

Sea Surface Winds NCEP/CMIS 

 

3.2.1 VIIRS Data 

Input to the cloud mask algorithm is assumed to be calibrated and navigated VIIRS radiance data 
as well as geolocation, surface type, and snow/ice data.   

 

3.2.1.1 VIIRS 375m Earth View SDR File 

The VCM performs cloud detection tests at the imagery pixel resolution and therefore requires 
data from the VIIRS 375m Earth View SDR File.  The VCM uses reflectance information from 
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bands I1 and I2 and BT information from bands I4 and I5.  Imagery resolution geolocation 
parameters, VIIRS grid information, terrain data, solar angles, and sensor angles are also 
obtained from this file. 

 

3.2.1.2 VIIRS 750m Earth View SDR File 

The VCM output is mainly based upon moderate pixel resolution tests and evaluations.  
Therefore, the VCM requires data from the VIIRS 750m Earth View SDR File.  The VCM uses 
reflectance information from bands M4, M5, M7, M9, and M10 and BT information from bands 
M11, M12, M13, M14, M15, and M16.  Moderate resolution geolocation parameters, VIIRS grid 
information, terrain data, solar angles, and sensor angles are also obtained from this file. 

 

3.2.1.3 VIIRS Gridded Surface Types – Olson IP 

Various cloud detection tests have different thresholds over land than over water so the VIIRS 
Gridded Surface Types – Olson IP will be used by the VCM to create a land/water background 
flag.  This IP will be utilized post-launch. 

 

3.2.1.4 VIIRS Gridded Snow/Ice Cover IP 

Spectrally, snow/ice and clouds have many similar features, therefore, the snow/ice map is 
needed to decide which cloud detection tests will be applied and to adjust thresholds of several 
tests.  The previous 12-hour VIIRS Snow Cover EDR result will be used in conjunction with a 
snow detection test to produce a snow/ice map.  The snow/ice map will decrease the 
misclassification of snow/ice as clouds.   

 

3.2.2 Non-VIIRS Data 

The non-VIIRS data that the VCM uses is provided by several different sources and is described 
in the following subsections. 

 

3.2.2.1 Global Ecosystem Map 

Various land types possess different reflective properties.  The reflective properties need to be 
known to properly develop and identify the correct thresholds to be applied in cloud tests.  The 
USGS EROS Data Center (EDC) produces a Global Land Cover Characteristics map that 
includes classifications such as inland water, seawater, desert, land, and coast.  This map will be 
used to determine the background land type of each pixel at launch until the VIIRS Gridded 
Surface Types – Olson IP is ready. 

 

3.2.2.2 Sea Surface Winds 

Sea surface winds need to be analyzed when determining sun glint.  Therefore, sea surface wind 
data is needed to determine if sun glint is present over a water surface.  Sea surface wind data 
will be obtained from NCEP sea surface forecast.   
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3.3 ALGORITHM OUTPUT 

The output of the VCM algorithm will be 6 bytes (48 bits) for each moderate resolution pixel.  
The mask includes information about the processing path the algorithm took (e.g., land or ocean) 
and whether a view of the surface is obstructed.  A potentially large number of applications will 
use the cloud mask and some algorithms will be more tolerant of cloud contamination than 
others.  For example, some algorithms may apply a correction to account for the radiative effects 
of a thin cloud.  In addition, certain algorithms may use spectral channels that are more sensitive 
to the presence of clouds than others. 

 

To allow for the imprecise measurement of the real world and to accommodate a wide variety of 
applications, the mask is more than a simple yes/no decision.  The cloud mask includes 4 levels 
of ‘confidence’ with regard to whether a pixel is thought to be clear as well as the results from 
different spectral tests.  The bit structure of the cloud mask is described in Table 3 and a 
description of the bit fields follow.  

 

Table 3.  File specification for the 48-bit VCM 

BYTE Bit Flag Description Key Result 

0-1 Cloud Mask Quality 

00=Poor 
01=Low 
10=Medium 
11=High 

2-3 Cloud Detection Result & Confidence Indicator 

11 = Confident Cloudy 
10 = Probably Cloudy 
00 = Confident Clear 
01 = Probably Clear  

4 Day / Night 0 = Night 1 = Day 

5 Snow / Ice Surface 
1 = Snow/Ice 
0 = No Snow/Ice 

0 

6-7 Sun Glint 

00 = None 
01 = Geometry Based 
10 = Wind Speed Based 
11 = Geometry & Wind 

0-2 Land / Water Background 

000 = Land & Desert 
001 = Land no Desert 
010 = Inland Water 
011 = Sea Water 
101 = Coastal  

3 Shadow Detected 1 = Yes  0 = No 
4 Non Cloud Obstruction (Heavy Aerosol) 1 = Yes  0 = No 
5 Fire Detected  1 = Yes  0 = No 
6 Thin Cirrus Detection (Solar)  (RM9) 1 = Cloud  0 = No Cloud 

1 

7 Thin Cirrus Detection (IR) (BTM15-BTM16) 1 = Cloud  0 = No Cloud 
0 IR Threshold Cloud Test (BTM15) 1 = Cloud  0 = No Cloud 2 
1 High Cloud (BTM12 - BTM16) Test 1 = Cloud  0 = No Cloud 
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BYTE Bit Flag Description Key Result 

2 
IR Temperature Difference Test 
(BTM14 - BTM15 & BTM15 - BTM16) 1 = Cloud  0 = No Cloud 

3 
Temperature Difference Test  
(BTM15 - BTM12) 1 = Cloud  0 = No Cloud 

4 
Temperature Difference Test  
(BTM12 – BTM13) 1 = Cloud  0 = No Cloud 

5 Visible Reflectance Test (RM5) 1 = Cloud  0 = No Cloud 
6 Visible Reflectance Test (RM7) 1 = Cloud  0 = No Cloud 

 

7 Visible Ratio Test (RM7/RM5) 1 = Cloud  0 = No Cloud 

0-1 Adjacent Pixel Cloud Confident Value 

11 = Confident Cloudy 
10 = Probably Cloudy 
00 = Confident Clear 
01 = Probably Clear 

2-3 Cloud Phase 

00 = Not Executed 
01 = Water 
10 = Ice 
11 = Mixed 

3 

4-7 Imagery Resolution BTD Test  
From 1111 = All Cloudy 
To 0000 = None Cloudy 

0-3 Cloud Imagery Resolution RI1 Test 
From 1111 = All Cloudy 
To 0000 = None Cloudy 4 

4-7 Cloud Imagery Resolution RI2 Test 
From 1111 = All Cloudy 
To 0000 = None Cloudy 

5 
0-7 SPARE 

 

3.3.1 Cloud Mask Quality 

Since VIIRS produces a cloud mask in any situation, a quality flag is attached to the final cloud 
mask.  This flag reflects the number of tests executed for a given processing path.  The values 
range from zero (no tests were executed) to three (all tests were executed). 

 

3.3.2 Cloud Detection Result & Confidence Indicator 

Confidence flags convey strength of conviction in the outcome of the cloud mask algorithm tests 
for a given pixel.  When performing spectral tests, as one approaches a threshold limit, the 
certainty or confidence in the outcome is reduced.  Therefore, a confidence flag for each 
individual test, based upon proximity to the threshold value is assigned for the FOV.  The current 
scheme applies a linear interpolation between a confident cloudy threshold and a confident clear 
threshold for each spectral test.  

 

The final determination is a combination of the confidences of all applied tests.  The final cloud 
mask determination will be one of four results:  confident cloudy, probably cloudy, probably 
clear, confident clear. 
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3.3.3 Day/Night  

The solar zenith angle at the pixel latitude and longitude is used to determine if a daytime or 
nighttime cloud masking algorithm should be applied.  Daytime algorithms, which include solar 
reflectance data, are constrained to solar zenith angles less than 85°. 

 

3.3.4 Snow/Ice Surface  

Certain cloud detection tests (e.g., visible reflectance tests) are applied differently in the presence 
of snow or ice.  This bit indicates a processing path and, if set, it should not be interpreted that 
snow/ice is on the ground.  In daytime conditions, the VCM will execute a snow algorithm to 
check for snow surfaces.  During the night, the VCM will use the VIIRS Gridded Snow Cover IP 
to identify snow covered pixels.   

 

3.3.5 Land/Water Background 

The surface type flag contains information concerning the processing path taken through the 
algorithm.  There are five possible surface type processing paths: inland water, seawater, coast, 
desert land, and non-desert land. 

 
Thresholds for the spectral tests are a function of surface background, land and water being the 
two most obvious.  The VCM will read a Global Ecosystem map from the EROS Data Center as 
well as the VIIRS Gridded Surface Types – Olson IP (post launch) data to determine the 
land/water background for each pixel. 

 

3.3.6 Sun Glint Flag 

There is a justifiable concern that cloud detection will not be as reliable in glitter-contaminated 
regions. A classification as clear is probably correct, but a classification as cloudy may actually 
be due to the glitter effect as opposed to a cloud. Sun glint will be considered over both land and 
water areas. Land regions are included because spatially unresolved water bodies, snow, or 
recent rainfall can also cause sun glint.  Sun glint will not prohibit the generation of a cloud 
mask, however solar channel threshold values need to be adjusted for sun glint contaminated 
pixels.  

 

The first sun glint test checks the value of the reflected sun angle θr.  If θr is between 0° and 36°, 
the sun glint flag will be set.  Below is the formula for the reflected sun angle: 

oor θθ+φθθ=θ coscoscossinsincos  

ezimuthAnglSatelliteA

hAngleSolarZenit

enithAngleSatelliteZ

=
=

=

φ
θ
θ

$
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The second sun glint test evaluates the sea surface winds.  Knowledge of sea surface winds is 
included in the sun glint test because surface winds can narrow the region in which sun glint may 
occur.  Sun glint is identified when the slope of the water reflects the sun towards the satellite.  If 
the water surface is disturbed by wind the sun is reflected from multiple spots on the surface. As 
the wind-rippled surface moves, so do individual glints of reflected sun. Therefore, the ensemble 
of glints produces a glitter pattern whose shape and size can be related to sea surface wind speed 
and the satellite viewing geometry.  In the equation below, P represents the probability that the 
pixel is contaminated by sun glint due to sea surface wind speed (McClain and Yeh, 1994).  Sun 
glint is identified when P > 1.5. 

]/tanexp[)/1( 222 σθπσ NP −=  

thAngleSolarAzimu
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3.3.7 Shadow Detected 

Some land retrieval products are as sensitive to the presence of shadows as they are to 
contamination by thin clouds.  The VIIRS Cloud Masking algorithm checks for the presence of a 
shadow on the ground whenever the cloud confidence is confident clear.  Shadow detection is 
based on reflectance at M5, M7, and M10.  A shadow is determined present if RefM10 > 12% and 
RefM7/RefM5 > 0.9. 

 
An example of the results of the shadow algorithm is shown in Figure 2.  The left hand panel is a 
0.66µm image, and the right hand panel represents the shadow detection algorithm.  Dark 
regions are shadowed regions and white regions represent cloudy or non-shadow scenes. 

 

Mountainous terrain can also cause shadows.  These shadows would be directly calculable from 
digital elevation maps, solar geometry considerations, and the cloud mask.  The first two 
considerations would indicate the FOVs where terrain shadow could occur; the last would 
determine whether sunlight is available to cause the shadow.  The cloud mask will not separate 
shadows caused by terrain from those caused by clouds. 
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Figure 2.  An example of the shadow testing using MAS data over the north slope of Alaska (13 June 1995) 

3.3.8 Non-cloud Obstruction 

A heavy aerosol laden atmosphere may result in pixel labeled probably clear.  Certain simple 
tests may be constructed that can indicate that the pixel is contaminated with an aerosol and not a 
cloud.  Smoke and dust detection relies on BTM11 and RefM5. 

 

3.3.9 Fire Detected 

The fire detection bit is modeled after the MODIS fire detection algorithm.  The fire detection 
scheme is executed over land and checks to see if BTM12 is greater than 350K and if BTM12 - 

BTM15 is greater than 10.0.  If these tests indicate a fire, the pixel will be flagged. 

 

3.3.10 Cloud Detection Tests 

These bits represent the results of individual cloud detection tests.  Each individual test is 
discussed in Section 3.5.   
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3.3.11 Cloud Adjacency 

If a pixel is confident clear, the cloud confidence value of all eight adjacent pixels will be 
searched and the furthest value from confident clear will be reported.  For edge of scan pixels, all 
available surrounding pixels will be searched. 

 

3.3.12 Cloud Phase 

If the cloud confidence is confident cloudy, probably cloudy, or probably clear, the VCM will 
determine the cloud phase as either ice, water, or mixed.  Cloud phase is a front end to the VIIRS 
Precipitable Water EDR and all the VIIRS Cloud EDRs.  It determines the processing path for 
the subsequent retrieval algorithms by categorizing clouds as water, ice or mixed.  VIIRS 
Precipitable Water EDR and all the VIIRS Cloud EDRs process when the cloud confidence value 
is either confident cloudy, probably cloudy, or probably clear so a phase is determined under all 
of these conditions.   

 

The VIIRS cloud phase algorithm will use a tri-spectral thermal infrared algorithm augmented by 
visible and near infrared spectral information.  For each pixel, the first step is to use a simple 
threshold test (BTM15) to identify clouds that are sufficiently cold enough as ice clouds.  If BTM15 
is less than the ice-cloud threshold, the phase of the cloud in the pixel is labeled ice.  Should the 
pixel be warmer than the initial ice-cloud threshold, it is tested using the tri-spectral infrared 
algorithm.  The algorithm is similar to the one described in Baum et al. (2000) which uses bands 
similar to VIIRS M14, M15, and M16.  This technique is used because it has been demonstrated 
that the radiances between these channels diverge when the differences between their brightness 
temperatures are compared (Strabala et al., 1994). 

 

Figure 3 illustrates a hypothetical global distribution of the BT differences for ice and water 
clouds, including the region of overlap.  Because of this overlap, some cases will be 
misidentified. 
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Figure 3.  Pictorial representation of a hypothetical global distribution of brightness temperature differences 

between 8, 11, and 12 �m, showing the relative positions of clear, water cloud, and ice cloud envelopes 

The cloud phase algorithm was applied to MODIS data (Figure 4) and the corresponding 
distribution of brightness temperature differences between 8.5µm (corresponding to VIIRS M14) 
and 11µm (corresponding to VIIRS M15) is shown in Figure 5.  A dynamic threshold is 
normally employed, however, a constant threshold of 0K separates ice from water reasonably 
well for this case.   

 

 
Figure 4.  MODIS data collected 1 June 2001 from 1600 to 1605 UTC.   

Ice clouds in pink, water clouds in yellow.  Green and black are land and ocean, respectively. 
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Figure 5.  Brightness temperature difference distribution for the scene shown in Figure 4. 

 

3.3.13 Imagery Resolution Tests 

The VIIRS Imagery resolution bands ‘nest’ in the moderate resolution bands.  Figure 6 is an 
idealized picture of how the imagery bands relate to the moderate resolution pixel.  This nesting 
allows the inclusion of an imagery resolution cloud mask along with the VCM output.  The 
imagery resolution pixels, four of which are contained within a given moderate resolution pixel, 
undergo individual cloud detection tests.  For the 48-bit output IP the four bits are ordered in 
reference to the satellite velocity vector, from the upper left quadrant to the lower right.  The first 
bit is this upper left quadrant, the second bit is the upper right quadrant, the third bit is the lower 
left quadrant, and the fourth bit is the lower right quadrant.  Cloud tests performed with these 
bands will be reported at the imagery resolution.  Imagery band tests will be included in the 
cloud mask output, however; they are not used to determine the overall cloud confidence.   
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Figure 6.  Depiction of the Nesting of the VIIRS Imagery Resolution Bands within the VIIRS Moderate 

Resolution Bands 
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3.4 CLOUD CONFIDENCE DETERMINATION 

The cloud detection tests rely on thresholds.  Thresholds are never global; there are always 
exceptions.  For example, the ratio of reflectance at M7 to M5 identifies cloud for values in the 
range 0.9 < RefM7/RefM5 < 1.1.  It seems unrealistic to label a pixel with RefM7/RefM5 = 1.09 as 
cloudy, and a neighboring pixel with the ratio of 1.11 as non-cloudy.  Rather, as one approaches 
the threshold limits, the certainty or confidence in the labeling becomes lower.  An individual 
confidence flag is assigned to each single pixel test and is a function of how close the 
observation is to the thresholds.  The individual confidence flags are combined to produce the 
final cloud mask flag for the VCM product. 

 

The individual confidence flag will indicate a confidence level for each moderate resolution 
pixel.  The initial FOV obstruction determination is an amalgamation of all confidence flags 
resulting from the single pixel test results.  The final cloud mask determination is a clear-sky 
confidence with one of four levels associated with it: confident clear, probably clear, probably 
cloudy and confident cloudy.  This approach quantifies our confidence in the derived cloud mask 
for a given pixel. 

 

Many cloud detection schemes have a single threshold for a given test.  For example, if the 
visible reflectance over the ocean is greater than 5.5% then the pixel is set to cloudy.  The VIIRS 
cloud masking is designed to provide information on how much confidence a user can place on 
the result.  Each test is assigned a value between 0 and 1 representing increasing confidence in 
clear-sky conditions.  Figure 4 is a graphical representation of how a confidence level is assigned 
for a spectral test.  The abscissa represents the observation and the ordinate the clear-sky 
confidence level.  In this test, an observation greater than a value of γ is determined to be a high 
confidence clear scene and assigned a value of 1.  An observation with a value less than α is 
cloudy and assigned a confidence level of 0.  These confident clear and confident cloudy 
thresholds, γ and α respectively, are determined from observations and/or theoretical 
simulations. 

 

Values between α and γ are assigned a value between 0 and 1 (or 1 and 0).  Assignment is based 
on a linear function.  In the final cloud mask only four levels of confidence are provided; 
confident clear, probably clear, probably cloudy, and confident cloudy.   

 

The β value in Figure 7 is the pass/fail threshold for a given test.  Each test therefore has a 
minimum of three thresholds values:  confident cloudy/probably cloudy, clear/cloudy, and 
confident clear/probably clear.  Some tests, such as the visible ratio test, identify cloud if the 
observations fall within a given range (e.g., 0.9 < RefM7/RefM5 < 1.1).  For these range tests there 
are six thresholds, three for each end. 

 



VIIRS Cloud Mask (VCM) NPOESS/VIIRS 

16 Document #: Y2412  

� ��

1

0.8

0.6

0.4

0.2

0.0

-0.2

Confident 
Clear

Confident 
Cloudy

Probably 
Cloudy

Probably 
Clear

Clear/Cloudy 
Threshold

Observation

C
le

ar
 C

on
fi

de
nc

e 
L

ev
el

 
Figure 7.  A graphical depiction of three thresholds used in cloud screening 

 

3.5 THEORETICAL DESCRIPTION OF CLOUD DETECTION 

This section discusses the physics of detecting clouds using multispectral radiances and 
performing BT and Reflectance tests. 

 

3.5.1 Physics of the Problem 

Clouds are generally characterized by higher reflectance and lower temperature than the 
underlying earth surface.  As such, simple visible and infrared window threshold approaches 
offer considerable skill in cloud detection.  However, there are many surface conditions when 
this characterization of clouds is inappropriate, most notably over snow and ice.  Additionally, 
some cloud types such as thin cirrus, low stratus at night, and small cumulus are difficult to 
detect because of insufficient contrast with the surface radiance.  Cloud edges cause further 
difficulty since the instrument FOV will not always be completely cloudy or clear. 

 

3.5.2 Infrared Brightness Temperature Threshold and Difference Tests 

Several infrared window threshold and temperature difference techniques have been developed 
for cloud detection.  These algorithms are described below. 

 

3.5.2.1 IR Threshold Cloud Test (BTM15) 

The first infrared test to apply over the oceans is a simple threshold test.  Over open ocean when 
BTM15 is less than 270K, we assume the pixel to fail the clear-sky condition.  With reference to 
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Figure 7, the three thresholds over ocean are 267K, 270K, and 273K, respectively, as shown in 
Figure 8. 
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Figure 8.  Thresholds for the simple IR window cold cloud test 

Cloud masking over land surface from thermal infrared bands is more difficult than over ocean 
due to potentially larger variations in surface emittance.  Nonetheless, simple thresholds can be 
established over certain land features.  For example, over arid desert regions we can expect that 
BTM15< 292.5K denotes cloud.  Such simple thresholds will vary with ecosystem, season, and 
time of day.  Table 4 lists the thresholds used for the BTM15 test. 

 

Table 4.  Thresholds used for BTM15 test for cloud in the VCM algorithm 
BTM15 

Surface 
Confident 

Cloudy 
Clear/Cloudy 

Threshold 
Confident 

Clear 
Day Ocean 267.0 270.0 273.0 

Day Desert (arid) 292.5 297.5 302.5 

Day Desert (bright) 287.5 292.5 302.5 

Night Ocean 267.0 270.0 273.0 

 

3.5.2.2 Tri-Spectral Cloud Test (BTM14 – BTM15 & BTM15 – BTM16) 

As a result of the relative spectral uniformity of surface emittance in the IR, spectral tests within 
various atmospheric windows (such as bands M14, M15, and M16 at 8.55µm, 10.76µm, and 
12.01µm, respectively) can be used to detect the presence of cloud.  Differences between BTM15 
and BTM16 are widely used for cloud screening with AVHRR measurements, and this technique 
is often referred to as the split window technique.  Saunders and Kriebel (1988) used BTM15- 
BTM16 differences to detect cirrus clouds.  Brightness temperature differences are greater over 
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thin clouds than over clear or overcast conditions.  Cloud thresholds are set as a function of 
satellite zenith angle and BTM15.   
 

In difference techniques, the measured radiances at two wavelengths are converted to brightness 
temperatures and subtracted.  Because of the wavelength dependence of optical thickness and the 
non-linear nature of the Planck function (Bλ ), the two brightness temperatures are often different.   

 

The basis of the split window and tri-spectral technique for cloud detection lies in the differential 
water vapor absorption that exists between different window channel bands (M14 and M15 vs. 
M15 and M16).  These spectral regions are considered to be part of the atmospheric window, 
where absorption is relatively weak.  Most of the absorption lines are a result of water vapor 
molecules, with a minimum occurring within the M15 band.  Since the absorption is weak, 
BTM15 can be corrected for moisture absorption by adding the scaled brightness temperature 
difference of two spectrally close channels with different water vapor absorption coefficients; the 
scaling coefficient is a function of the differential water vapor absorption between the two 
channels.   
 

VIIRS has a unique capability since it has measurements at three wavelengths in the window 
8.55µm, 10.76µm, and 12.01µm.  The three spectral regions mentioned are very useful in 
determination of cloud free atmospheres.  Because the index of refraction varies quite markedly 
over this spectral region for water, ice, and minerals common to many naturally occurring 
aerosols, the effect on the brightness temperature of each of the spectral regions is different, 
depending on the absorbing constituent. 

 

Ackerman et al. (1990) suggested a tri-spectral combination of observations similar to those from  
M14, M15 and M16 for detecting cloud properties.  Strabala et al. (1994) further explored this 
technique by utilizing very high spatial-resolution data from MAS.  The physical premise of the 
technique is that ice and water vapor absorption peak in opposite halves of the window region; so 
that positive M14-M15 brightness temperature differences indicate cloud while negative 
differences, over oceans, indicate clear regions.  The relationship between the two brightness 
temperature differences and clear-sky have also been examined using collocated HIRS and 
AVHRR GAC global ocean data sets.  As the atmospheric moisture increases, BTM14 – BTM16 
decreases while BTM15 – BTM16 increases. 

 

Figure 9 demonstrates a relationship between BTM15 – BTM16 and BTM14 – BTM15 using 
collocated AVHRR and HIRS/2 observations.  Given a value of BTM14 – BTM15, to be clear, a 
pixel requires BTM15 – BTM16 to fall within a certain range of values.  
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Figure 9. The tri-spectral diagram for clear-sky ocean scenes.  The dark line in the figure represents the 

dynamic threshold for the tri-spectral test and the circles are the observed values.  BT8 is at 8�m, which is 
similar to VIIRS M14; BT11 is at 11�m, which is similar to VIIRS M15; BT12 is at 12�m, which is similar to 

VIIRS M16. 

Brightness temperature difference testing can also be applied over land with careful 
consideration of variation in spectral emittance.  For example, BTM15 – BTM14 has large negative 
values over daytime desert and is driven to positive differences in the presence of cirrus.  Some 
land regions have an advantage over ocean regions because of the larger number of surface 
observations, including air temperature and vertical profiles of moisture and temperature. 

 

Table 5.  Thresholds used for BTM14 – BTM15 & BTM15-BTM16 test for cloud in the VCM algorithm 

BTM14-BTM15 & BTM15-BTM16 

Surface  
Confident 

Cloudy 
Clear/Cloudy 

Threshold 
Confident 

Clear 

Day Ocean Dynamic 

Night Ocean Dynamic 

 

3.5.2.3 Cloud Test  (BTM15– BTM12) 

The difference between BTM15 and BTM12 can be used to detect the presence of clouds.  At night 
the difference between the brightness temperatures measured in the shortwave (3.7µm) and in 
the longwave (10.76µm) window regions can be used to detect partial cloud or thin cloud within 
the VIIRS FOV.  Small or negative differences are observed only for the case where an opaque 
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scene (such as thick cloud or the surface) fills the FOV of the sensor.  Negative differences occur 
at night over extended clouds due to the lower cloud emissivity at 3.7µm. 
 

During the daylight hours the difference between BTM15 and BTM12 is large and negative because 
of reflection of solar energy at M12.  This technique is very successful at detecting low-level 
water clouds.  Thresholds will vary for ecosystem type. 

 

Moderate to large differences between BTM15 and BTM12 result when a non-uniform scene (e.g., 
broken cloud) is observed.  The different spectral responses to a scene of non-uniform 
temperature are a result of Planck’s law.  The brightness temperature test is dependent on the 
temperature in the warmer portion of the scene increasing with decreasing wavelength (the 
shortwave window Plank radiance is proportional to the temperature to the thirteenth power, 
while the longwave dependence is to the forth power).  Differences in the brightness 
temperatures of the longwave and shortwave channels are small when viewing mostly clear or 
mostly cloudy scenes; however, for intermediate situations the differences become large (greater 
than 3 degrees).  Table 6 lists the thresholds used, which are of MODIS heritage. 

 

Table 6.  Thresholds used for BTM15 – BTM12 test for cloud in the VCM algorithm 

BTM15-BTM12 

 Surface 
Confident 

Cloudy 
Clear/Cloudy 

Threshold 
Confident 

Clear 

Day Land & Coast -14.0 -12.0 -10.0 

Day Ocean -10.0 -8.0 -6.0 

Day Desert (arid) -20.0 -18.0 -16.0 

Day Desert (bright) -2.0 0.0 2.0 

Night Land 3.0 2.5 2.0 

Night Ocean 1.0 0.0 -1.0 

Day & Night Snow 0.70 0.60 0.50 

 

Infrared window tests at high latitudes are difficult.  Distinguishing clear and cloud regions from 
satellite IR radiances is a challenging problem due to the cold surface temperatures.  
Yamanouchi et al. (1987) describes a nighttime polar (Antarctic) cloud/surface discrimination 
algorithm based upon brightness temperature differences between the AVHRR 3.7 and 11µm 
channels and between the 11 and 12µm channels.  Their cloud/surface discrimination algorithm 
was more effective over water surfaces than over inland snow-covered surfaces.  A number of 
problems arose over inland snow-covered surfaces.  First, the temperature contrast between the 
cloud and snow surface became especially small, leading to a small brightness temperature 
difference between the two infrared channels.  Second, the AVHRR channels are not well-
calibrated at extremely cold temperatures (< 200 K).   
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3.5.2.4 Cloud Detection Test ( BTM12 – BTM13) 

Performing this BT difference test is another method of separating the solar and thermal 
contributions of M12.  Due to the small wavelength differences between these two bands the 
thermal contribution due to temperatures within a pixel are relatively close.  The largest 
difference between these two bands is the solar component in the 3.7 µm channel.  The 
difference removes the thermal emission, resulting in the solar component of 3.7 µm alone.  Due 
to both the low reflectance of most surface types and the relative high reflectance of clouds in the 
3.7 µm channel this test has demonstrated much promise in MAS data.  Table 7 lists the 
thresholds used in the BTM12-BTM13 test. 

 

Table 7.  Thresholds used for BTM12 – BTM13 test for cloud in the VCM algorithm 

BTM12-BTM13 

Surface  
Confident 

Cloudy 
Clear/Cloudy 

Threshold 
Confident 

Clear 

Day Land 10.5 10 9.5 

Day Ocean 6.5 6 5.5 

Day Snow 8.5 8 7.5 

 

3.5.3 Visible Reflectance Tests 

3.5.3.1 Visible Reflectance (M5 & M7) 

The visible reflectance test is a single channel test whose strength is discriminating bright clouds 
over dark surfaces (e.g., stratus over ocean) and weakness is clouds over bright surfaces (e.g., 
snow).  Two different channels are used in this test dependent on the ecosystem.  Band M5 (0.67 
µm) is used over land and snow/ice regions.  The M7 (0.87 µm) reflectance test is applied over 
oceans and desert scenes.  The nominal thresholds are given below.  These thresholds are set 
based on observations from AVHRR and MAS and are listed in Tables 8 and 9. 

Table 8.  Thresholds used for RefM5 test for low cloud in the VCM algorithm 

RefM5 

 Surface 
Confident 

Cloudy 
Clear/Cloudy 

Threshold 
Confident 

Clear 

Day Land & Coast 0.22 0.18 0.14 

 

Table 9.  Thresholds used for RefM7 test for cloud in the VCM algorithm 

RefM7 

 Surface 
Confident 

Cloudy 
Clear/Cloudy 

Threshold 
Confident 

Clear 

Day Ocean 0.065 0.055 0.045 

Day Desert 0.34 0.30 0.26 
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A histogram analysis of the reflectance from AVHRR data was performed for 1° increments of 
reflected sun angle, θr, and it was determined that the reflectance of M5 is a function of θr.  The 

reflectance thresholds over water are therefore a function of θr.  

 

3.5.3.2 Visible Reflectance Ratio Test (M7/M5) 

The reflectance ratio test uses channel M7 divided by channel M5 (Ref0.865µm /Ref0.672µm).  This 
test makes use of the fact that the spectral reflectance at these two wavelengths is similar over 
clouds (ratio is near 1) and different over water and vegetation.  Using AVHRR data this ratio 
has been found to be between 0.9 and 1.1 in cloudy regions over ocean.  If the ratio falls within 
this range, a cloud is indicated.  Since the threshold is a range of numbers, there are six threshold 
values for this test over ocean – three surrounding the upper limit value (high) and three 
surrounding the lower limit value (low).  Adjustments to the ratio thresholds listed in Table 10 
will be made as necessary for VIIRS data and must be a function of the ecosystem as noted 
below. 

 

Table 10.  Thresholds used for RefM7/RefM5 test for cloud in the VCM algorithm 

RefM7/RefM5 

Surface  
Confident 

Cloudy 
Clear/Cloudy 

Threshold 
Confident 

Clear 

Day Land 1.85 1.90 1.95 

Day Ocean (high) 0.95 1.10 1.15 

Day Ocean (low) 0.95 0.90 0.85 

 

Figure 10 illustrates some of the complexities of desert ecosystems as demonstrated by the 
visible reflectance ratio.  The observations are from the AVHRR on the NOAA-9 and are over 
the Arabian Sea, the Arabian Peninsula, and surrounding regions.  The figure shows histograms 
of reflectance ratio values for coastal/water scenes, as well as desert and more densely vegetated 
areas in the Persian Gulf region from approximately 15-25° N latitude and 50-70° E longitude.  
Almost all of the observations recorded in the histograms were from clear-sky conditions, as 
determined by inspection of visible and IR imagery.  As suggested by the histograms of 
RefM7/RefM5, clear-sky ocean scenes have a ratio of less than 0.75.  The surface type 
classifications are from the Olson World Ecosystems data set.  One can immediately see that 
clear-sky desert values of the visible reflectance ratio cover a large range of values, including 
values one might normally associate with cloudy skies over vegetated surfaces.  Also note the 
large amount of overlap between the desert and shrub/grassland categories.  This figure shows 
that clear-sky spectral threshold tests need to be applied very carefully in arid regions and also 
points out the need for high-resolution ecosystem maps.  This test will not be performed over 
desert, semi-desert, snow/ice, or some agricultural ecosystems.  In addition to land, this 
reflectance ratio test may be performed over water during the daytime.  When applied in regions 
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of possible sun glint, an angular dependence is included in the thresholds.  These thresholds are 
based on analysis of AVHRR LAC and GAC data and the APOLLO algorithm. 
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Figure 10.  Histogram of the frequency of occurrence of the AVHRR reflectance ratio R0.86/R0.63 for a scene 

over the Arabian peninsula and Arabian Sea 

3.5.4 Thin Cirrus Tests 

3.5.4.1 Visible (RefM9) 

VIIRS band M9 (1.38 µm) will use reflectance thresholds on a per pixel basis to detect the 
presence of thin cirrus cloud in the upper troposphere under daytime viewing conditions.  The 
strength of this cloud detection channel lies in the strong water vapor absorption in the 1.38 µm 
region.  With sufficient atmospheric water vapor present (estimated to be about 0.4 cm 
precipitable water) in the beam path, no upwelling reflected radiance from the Earth’s surface 
reaches the satellite.  Since 0.4 cm is a small atmospheric water content, most of the earth’s 
surface will indeed be obscured in this channel.  With relatively little of the atmosphere’s 
moisture located high in the troposphere, high clouds appear bright; reflectance from low and 
mid level clouds is partially attenuated by water vapor absorption. 

 

Simple low and high reflectance (normalized by incoming solar at the top of the atmosphere) 
thresholds will be used to separate thin cirrus from clear and thick (near infrared cloud optical 
depth > ∼ 0.2) cloud scenes.  Ben-Dor (1994) analyzed a scene from the Airborne Visible 
Infrared Imaging Spectrometer (AVIRIS) to demonstrate that thin cirrus detection using 1.38 µm 
observations may be more difficult for elevated surfaces, dry atmospheric conditions, and high 
albedo surfaces.  New injections of volcanic aerosols into the stratosphere may also impact this 
test.   
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The MAS 1.88 µm channel has been used as a surrogate to VIIRS channel M9 to gain experience 
with defining the thin cirrus bit.  If the reflectance lies above the clear-sky threshold and less 
than a thick cloud, then the thin cirrus bit will indicate thin cirrus detected.  We subjectively 
define thin cirrus as a cloud that has a small impact on the visible reflectance, enabling 
atmospheric correction to be applied to retrieve land surface properties (i.e., NDVI).  Given the 
sensitivity to thin high clouds, the VIIRS 1.38 µm channel may detect much larger cloud 
coverage than previous satellite algorithms have indicated.  Table 11 lists the thresholds used for 
the RefM9 test. 

 

 

Table 11.  Thresholds used for RefM9 test for cirrus cloud in the VCM algorithm 

RefM9 

 Surface 
Confident 

Cloudy 
Clear/Cloudy 

Threshold 
Confident 

Clear 

Day Land 0.040 0.035 0.030 

Day Coastal 0.040 0.035 0.030 

Day Ocean 0.040 0.035 0.030 

Day Desert 0.040 0.035 0.030 

Day Snow 0.040 0.035 0.030 

Antarctic Day 0.040 0.035 0.030 

 

 

3.5.4.2 Infrared ( BTM15-BTM16) 

This BT difference test is used to detect cirrus clouds during the day and night over a variety of 
surfaces.  The thresholds are dependent on the satellite zenith angle and BTM15 (Saunders and 
Kriebel, 1988).  Table 12 details which scenes the test is executed and Table 13 lists the 
clear/cloudy Look-Up Table for this test in mid-latitudes.  To obtain the clear/cloudy threshold 
for this test, a bi-dimensional linear interpolation of values in Table 13 must be performed.  The 
confident cloudy threshold can be found by adding an incremental quantity to the clear/cloudy 
threshold, and the confident clear threshold can by found by subtracting the incremental quantity 
from the clear/cloudy threshold. 
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Table 12.  Temperature thresholds BTM15-BTM16 test for cirrus cloud in the VCM algorithm 

BTM15-BTM16 

 Surface 
Confident 

Cloudy 
Clear/Cloudy 

Threshold 
Confident 

Clear 

Day Land Dependent on Viewing Zenith Angle and BTM15 

Day Coastal  Dependent on Viewing Zenith Angle and BTM15 

Day Ocean Dependent on Viewing Zenith Angle and BTM15 

Day Desert Dependent on Viewing Zenith Angle and BTM15 

Night Land Dependent on Viewing Zenith Angle and BTM15 

Night Ocean Dependent on Viewing Zenith Angle and BTM15 
 

Table 13.  Clear/Cloudy temperature thresholds in Kelvin for BTM15-BTM16 cloud detection test at mid-
latitudes 

BTM15 secant(satellite zenith angle) 

 1.0 1.25 1.50 1.75 2.0 

260K 0.55 0.60 0.65 0.90 1.10 

270K 0.58 0.63 0.81 1.03 1.13 

280K 1.30 1.61 1.88 2.14 2.30 

290K 3.06 3.72 3.95 4.27 4.73 

300K 5.77 6.92 7.00 7.42 8.43 

310K 9.41 11.22 11.03 11.60 13.39 

 

3.5.4.3 High Cloud Test ( BTM12 – BTM16) 

This window brightness temperature difference test is applied during the nighttime over land and 
snow surfaces.  This difference is useful for separating thin cirrus from cloud free condition and 
is relatively insensitive to the amount of water vapor in the atmosphere (Hutchison and Hardy 
1995). 

Table 14.  Thresholds used for BTM12 – BTM16 test for high cloud in the VCM algorithm 
BTM12-BTM16 

 Surface 
Confident 

Cloudy 
Clear/Cloudy 

Threshold 
Confident 

Clear 

Night Land 4.50 4.00 3.50 

Night Snow 4.50 4.00 3.50 
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3.5.5 Cloud Confidence 

Each of the tests above returns a confidence level ranging from 0 (high confidence that the pixel 
is cloudy) to 1 (high confidence that the pixel is clear).  The individual confidence levels must be 
combined to determine a final decision on clear or cloudy.  We shall denote the confidence level 
of an individual test as Fi and the final quality flag as Q.   

 

The VIIRS Cloud Mask is a clear-sky conservative case.  A test with a confident clear result sets 
the bit to clear.  Several tests are not independent of one another.  For example, consider daytime 
over oceans in regions without sun glint.  If stratocumulus clouds are present, they will likely be 
detected by the visible reflectance test, the reflectance ratio test, and BTM15-BTM12.  These same 
tests will likely miss the presence of thin uniform cirrus clouds, which would probably be 
detected by the tri-spectral test (combinations of BTM14, BTM15, and BTM16).  Very thin cirrus 
clouds would best be detected by the RefM9 test, which has difficulty detecting low-level clouds.  
Because of this overlap in the type of clouds different tests detect, each test is considered in one 
of five groups.  The five groups are: 
 

Group I (Emission Threshold) 

 BTM15 

Group II (Emission Difference) 

 BTM12-BTM13 

 BTM15-BTM12 

 BTM14-BTM15 & BTM15-BTM16 

Group III (Reflectance Threshold) 

 RefM5 

 RefM7 

 RefM7/RefM5 

Group IV (Reflectance Thin Cirrus) 

 RefM9 

Group V (Emission Thin Cirrus)  

 BTM15-BTM16 

 BTM12-BTM16 
 

A minimum confidence is determined for each group, 

 Gi=1,5 = min[Fi].  

The final cloud mask is then determined from the product of the results from each group; 
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 Q = 5

5

1i
iG∏

=

.  

This approach is considered clear-sky conservative.  If any test is highly confident that the scene 
is cloudy (Fi = 0), the final cloud mask is Q = 00, which is confident cloudy. 

 

The algorithm is divided into eight conceptual domains according to surface type and solar 
illumination: 

1. Daytime land 

2. Daytime coast 

3. Daytime water 

4. Daytime desert 

5. Daytime snow/ice covered regions 

6. Nighttime land 

7. Nighttime water 

8. Nighttime snow/ice covered regions. 

 

��������	
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������
��
�
�����
������
�����
 0 < 85°.  The “desert” classification is based on the 
USGS Global Ecosystem map.  For all observations within a given domain, it is generally 
expected that: (i) the same tests may be performed, and (ii) threshold values for each of these 
tests will not change.  It is expected that more domains may be established in the future. 

 

3.6 PRACTICAL CONSIDERATIONS 

3.6.1 Numerical Computation Considerations 

Bispectral cloud detection tests are computationally inexpensive. All possible cloud detection 
tests will be applied for a given pixel.  Tests for aerosols, shadows, and fire are made only after 
all cloud tests have been applied and pixels identified as cloud-contaminated have been flagged. 

 

3.6.2 Programming and Procedural Considerations 

The procedural outline has been described in Section 3.1. 

 

3.6.3 Configuration of Retrievals 

To avoid “hard-wiring" specific values into the operational software, a retrieval configuration 
file can be adopted. The file would store numerical values of adjustable parameters used within 
the retrievals, such as the thresholds establishing whether a successful retrieval occurs. 
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3.6.4 Quality Assessment and Diagnostics 

The first 4 bits of the VIIRS Cloud Mask output make up a quality indicator.  Additional 
information regarding the VIIRS Cloud Mask quality can be found in Section 3.3.1. 

 

3.6.5 Exception Handling 

VIIRS will produce a cloud mask under all circumstances.  If a band is bad, the tests that use that 
band will not be used.  This will be reflected in the Cloud Mask Quality flag. 

 

3.7 ALGORITHM VALIDATION 

The VIIRS cloud mask algorithm will be verified pre-launch using data from existing satellite 
systems, such as Advanced Very High Resolution Radiometer (AVHRR) and MODIS.  More 
pre-launch validation will be performed along with the update of detection modules. Post-launch 
verification will involve intercomparisons between VIIRS observations, ground-based 
measurements, and special airborne campaigns. 

 

3.8 ALGORITHM DEVELOPMENT SCHEDULE 

The algorithm for the VIIRS cloud mask is of MODIS heritage, with the exception an additional  
BTD test not found in the MODIS algorithm.  The methods will be verified using MODIS global 
data as it becomes available.  The similarity of the proposed VIIRS bands to the MODIS bands 
make MODIS data a reliable verification source. 
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4.0 ASSUMPTIONS AND LIMITATIONS 

4.1 ASSUMPTIONS 

(1) Cloud Mask receives an image of VIIRS calibrated and geolocated TOA reflectances and 
TOA BT’s in the bands used by the Cloud Mask, including any Imagery bands used. 

(2) Quality flags accompany all input data into the Cloud Mask Module indicating if the data 
is good or questionable. 

(3) Cloud Mask receives Geolocated Latitudes and Longitudes of all pixels in the region 
being masked. 

(4) Cloud Mask receives an entire image of the region being masked.  

(5) Cloud Mask needs a Land/Water reference database. 

(6) Cloud Mask needs an Ecosystem reference database. 

(7) Cloud Mask receives Sun Sensor geometry. 

(8) Cloud Mask receives a database of recent snow/ice knowledge.  

(9) Cloud Mask receives sea surface wind speed data in region being masked for 
determination of Sun Glint Flag. 

(10) Output mask results will have 4 levels of confidence:  Confident Cloudy, Probably 
Cloudy, Probably Clear, and Confident Clear. 

 

4.2 LIMITATIONS 

(1) Can only produce Cloud Mask if BT and Reflectance data are available. 

(2) Can only produce Cloud Mask if underlying surface type is known. 
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